How S&C coaches can assess thoracic spine & upper extremity mobility
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As mobility is a key physical quality that underpins most athletic movements, strength and
conditioning coaches must possess the skill set and tools to assess it. Conventionally, range of
motion (ROM) tests have been performed using specialized equipment such as inclinometers
and goniometers. To make the execution of these tests even more challenging for coaches, many
ROM assessments require exceptional palpatory skills. This has resulted in many resources
suggesting an approach to mobility testing that employs a pass-fail criterion (e.g., if an athlete
can’t touch their toes during a toe-touch test, they fail the test).
Yet, this method of assessing mobility has major limitations. If an athlete fails the standard set,
we have obviously identi ed a de ciency is present—this is where a pass-fail criterion for a ROM
assessment is applicable. However, if we want to monitor the effectiveness of our training
intervention and identify what strategies actually develop mobility, we need assessment
techniques that provide objective data that is accurate and reliable.
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The goal of this two-part article series is to demonstrate that neither the availability of
equipment nor the palpatory skills a practitioner possesses should prevent coaches from
collecting objective data. Part 1 of this series demonstrated how to perform mobility
assessments for the lower extremity. In part 2 (this article), I will focus on mobility tests for the
thoracic spine and upper extremity, showing techniques using only a smartphone or tape
measure. In particular, I’ll explain and demonstrate how to perform and collect objective data for
the following tests:
1. Thoracic spine extension test
2. Lumbar locked rotation test
3. Supine active shoulder  exion test
4. Pectoralis major length test
5. Supine active shoulder rotation test (external and internal)
6. Weight-bearing wrist extension test
Following the demonstration of each test, this article will present reliability data for all of the
assessments discussed in both parts of this series to support coaches’ interpretations.
Using a Smartphone to Perform ROM Assessments
For most of the tests presented, a smartphone will be used to measure segment angles. Before
we discuss techniques for measuring thoracic and upper extremity mobility, it is important we
establish how to standardize our testing procedures when using a smartphone for ROM
assessments. This is repetition from the  rst article, so feel free to skip this section if you have
read the lower limb edition of this series. If you didn’t, here are considerations for collecting
reliable data:
1. If present, remove the phone case. It is possible the case may alter the contour of the
phone.
2. Before testing, calibrate the phone against either a vertical (e.g., wall) or horizontal (e.g.,
table) reference point. This should be done against a surface that is level, so be sure to
To monitor the effectiveness of your training intervention and
identify what strategies develop mobility, you need assessment
techniques that provide objective, accurate, reliable data.
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check before calibration by placing a spirit level on the surface. Not all free applications
allow you to zero the smartphone, which should be a consideration when selecting an
application to perform ROM assessments. Whether you need to calibrate the smartphone
against a vertical or horizontal surface depends on the test used and is described in the
procedures for each assessment.
3. I also recommend coaches be cautious about using different phone models interchangeably.
At present, there isn’t much evidence for this to be a concern, but until quality research is
presented, I suggest you perform all tests using the same model.
4. Again, there is little evidence for this, but I would recommend caution using different
applications interchangeably.
Palpating Bony Landmarks
An important consideration for collecting reliable data is being able to locate anatomical
landmarks for measuring segment alignment. For two of the tests shown in this article, coaches
will need to be able to palpate the olecranon process of the ulnar ( gure 1).
Figure 1. Coaches need to be able to palpate the apex of the olecranon process.
Palpating the spinous processes can be a particular issue for assessing spine ROM. Although
learning how to palpate speci c spinal segments isn’t too dif cult, it’s not the easiest skill to
teach on this platform. For other assessments, measuring joint alignment can be tricky due to
the nature of the assessments. To get around these issues, coaches can record distances
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between various structures using a tape measure to represent joint ROM. An example of this
approach is the weight-bearing lunge test for the ankle joint, where the toe-to-wall distance is
measured to represent dorsi exion capacity.
Although this is a very reliable measure , one problem with this strategy is it can be challenging
to establish a de cit. For example, if we know the ankle dorsi exes to approximately 40 degrees
during the back squat , then I would want to see an athlete achieve >40 degrees during the
weight-bearing lunge test. But if I’m measuring ankle ROM using the toe-to-wall distance, how
do I know if an athlete with 9 centimeters has enough mobility to squat to full depth without
compensations?
This is where measuring distances can be a problem. To resolve this, we can combine our
measure of distance with a pass-fail criterion. This allows us to collect objective data that is
reliable, while being able to identify the presence of a mobility de cit.
Thoracic Spine Extension Test
During shoulder elevation, thoracic spine extension occurs to facilitate scapulothoracic upward
rotation and posterior tilt. Although thoracic spine contribution to overhead exercises is small
relative to the shoulder complex , suboptimal thoracic spine alignment during overhead
movements can hamper ROM and strength capacities for the shoulder musculature.
To measure thoracic spine extension mobility using equipment such as an inclinometer or a
smartphone, practitioners would need to palpate the cervicothoracic and thoracolumbar
junctions. This is a time-consuming process and requires a speci c skill set that many coaches
do not possess. To circumvent this issue, measuring the tragus-to-wall distance during the
thoracic spine extension test can provide us with an objective score representing extension
capacity.
For this test, a score of <10 centimeters is generally used to represent suf cient thoracic spine
extension ROM. However, factors such as maturation, periods of weight loss/gain, and
anthropometric dimensions may impact the applicability of this threshold. To overcome this
limitation, I recommend using a pass-fail criterion to support the interpretation of this test. To
pass the test, the athlete should be able to bring the bottom of the inferior margin of the orbital
(eye socket) to horizontally align with the auditory meatus (ear hole) while maintaining contact
between the occiput and the wall ( gure 2).
To avoid problems palpating specific spinal segments and
measuring joint alignment, coaches can record distances
between various structures using a tape measure to represent
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Figure 2. Athlete demonstrates a pass for the Thoracic Spine Extension test, with the inferior margin of
the orbital (eye socket) aligned with the auditory meatus (earhole).
Starting position: The athlete leans back against the wall with their feet hip-width apart and a
foot length from the wall. The knees should be slightly  exed to allow the pelvis to posteriorly
rotate and the lumbar spine to  atten against the wall. The head should touch the wall and the
mouth should be closed.
Movement: The athlete is cued to pull their chin toward their chest as far as possible while
maintaining a closed mouth and keeping contact between the head and the wall.
Measurement: At the point where the athlete has maximally  exed the upper cervical spine to
bring the chin to the chest, use a tape measure or ruler to record the distance between the
tragus and the wall to the nearest 0.5 centimeters. To avoid the need to Google “tragus,” it’s the
semi-circular  ap that covers the auditory meatus.
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Video 1. Head position is important in sport, and measuring the positioning matters. With a
few cues, a test can be done in seconds. Coaches can track the changes to head position and
see if those changes are factoring in sport through careful analysis.
Lumbar Locked Rotation Test
The lumbar locked rotation test isolates the thoracic spine and its capacity to rotate. Thoracic
spine rotation is important for overhead and rotational sports. Prior to measuring thoracic
spine rotation, I suggest you measure extension ROM. This is because a  exed posture tenses
the posterior ligamentous structures, potentially limiting thoracic spine rotation.
Understanding this can help from a programming perspective. An athlete who has poor thoracic
spine extension and rotation should focus on increasing sagittal plane capacity  rst, before
switching the emphasis to improving thoracic spine rotation. For this test, approximately 40
degrees relative to vertical is reported in healthy populations,  although rotational athletes may
require more thoracic spine mobility.
Starting position: The athlete kneels with the legs together and the ankles plantar  exed. The





An athlete with poor thoracic spine extension & rotation should
focus on increasing sagittal plane capacity first, before
switching the emphasis to improving thoracic spine rotation.
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head in a neutral position, the athlete is cued to “lift their chest.” The athlete is then instructed
to bring one arm off the ground and lift the hand so it touches the sternum.
Movement: The athlete is asked to maximally rotate to the side with the arm off the ground.
Measurement: Prior to testing, the smartphone should be calibrated relative to a vertical
reference point. At the point of maximal rotation, the phone is placed at the cervicothoracic
junction (see  gure 3). Although palpating this anatomical location requires some amount of skill,
it is generally located at the level of the neckline (think crew-cut T-shirt). In my experience,
using this reference point allows you to collect a reliable measure of thoracic spine rotation
without the need to palpate the speci c spinal level.
Figure 3. Demonstration of smartphone placement during the Lumbar Locked Rotation Test.
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Video 2. Taking a position on the knees reduces the load to the spine and improves the
evaluation. Rotation of the spine is essential to many sports and normal human movement.
Supine Active Shoulder Flexion Test
Shoulder  exion ROM is fundamental to most overhead exercises. Athletes who lack shoulder
 exion ROM tend to compensate by hyperextending at the lumbar spine during vertical pushing
and pulling exercises. Approximately 180 degrees of shoulder  exion should be available to the
healthy athlete. As the smartphone for this test is calibrated to a vertical reference, a value of
90 degrees represents 180 degrees of shoulder  exion ROM.
Starting position: The athlete lies supine with the knees  exed to 90 degrees and the soles of the
feet  at against the ground. The athlete is cued to posteriorly rotate their pelvis to  atten the
lumbar spine and prevent excessive spinal contribution. The shoulder is  exed to 90 degrees
with the elbows extended and the hands facing each other.
Movement: The athlete is cued to reach the arms above the head toward the ground, keeping
the elbows extended with the shoulder remaining in the sagittal plane. Coaches should monitor




Shoulder flexion ROM is fundamental to most overhead
exercises, and healthy athletes should have approximately 180
degrees of shoulder flexion, says @LouisHowe_SandC.
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Measurement: Prior to testing, the smartphone should be calibrated relative to a vertical
reference point. At maximal shoulder  exion, the smartphone is placed beneath the medial
epicondyle, along the triceps muscle.
Video 3. Positioning an athlete on their back is useful for a range of motion testing. The upper
back and shoulders can respond favorably to  exibility and targeted strength training.
Pectoralis Major Length Test
For this test, we measure horizontal abduction from an abducted position. Due to the
architecture of the muscle, the sternocostal portion of the pectoralis major muscle is one of the
primary structures that resists this motion. The length of the pectoralis major can in uence the
ability to optimally position the barbell during the overhead squat or the catch phase of the
snatch.
If an athlete holds the bar above their head with a snatch grip, the shoulder complex will be
abducted to approximately 135 degrees. As the athlete descends, the trunk will incline forward,
requiring a small amount of horizontal abduction to occur to maintain the bar path within the
base of support. If this motion is not available, the athlete will struggle to keep the bar above the
head. This is demonstrated in  gure 4.
00:43
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Figure 4. The importance of horizontal abduction during the overhead squat. A) athlete lacks suf cient
horizontal abduction from the overhead position during the movement, causing the bar to move in front
of the base of support. B) athlete demonstrates suf cient horizontal abduction from the overhead
position during the overhead squat to optimize bar position.
I haven’t seen any research establishing the clinometric properties of the test. However, I have
found this test to be highly reliable. An athlete passes the pectoralis major length test when they
are able to comfortably rest the arm on the ground.
Starting position: The athlete lies supine with the knees  exed to 90 degrees and the soles of the
feet  at against the ground. The athlete is cued to posteriorly rotate the pelvis to  atten the
lumbar spine and prevent excessive spinal contribution. The athlete is cued to make a  st with
both hands and bring the knuckles together directly above the head.
Movement: The athlete is cued to draw the elbows to the  oor.
Measurement: At maximal horizontal abduction, the coach assesses whether the upper arm can
comfortably contact the ground. In instances where there is space between the arm and the
ground, the athlete has failed the test and the coach measures the distance between the
olecranon process and the ground to the nearest 0.5 centimeters.
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Video 4. The pectoralis length test is a conventional evaluation with objective measurement.
While not a screen for injury risk, coaches and therapists should treat each athlete
individually.
Supine Active Shoulder Rotation Test
The supine active shoulder rotation test provides an insight into the mobility of the external and
internal rotators of the glenohumeral joint. Normative data for these tests in resistance-trained
athletes have been reported as approximately 105 degrees external rotation and 70 degrees
internal rotation when measuring forearm alignment relative to vertical. However, these values
may differ in throwing athletes, with structural adaptations in uencing shoulder rotation
capacity in throwers. Therefore, it may be that total rotation (external and internal rotation
combined) is of greater relevance when looking to identify mobility de cits.
Starting position: The athlete lies supine on a treatment table, with the knees  exed to 90
degrees and the feet  at on the table. The pelvis is posteriorly rotated to prevent compensations
at the spine. The shoulder is abducted to 90 degrees, with the elbow  exed 90 degrees.
Movement: For external rotation, the athlete is cued to bring the back of the hand toward the
ground. Conversely, the athlete is instructed to bring the palm of the hand toward the ground
for internal rotation.
Measurement: Prior to testing, the smartphone should be calibrated relative to a vertical
reference point. For external rotation, the smartphone is placed just below the wrist crease of
the anterior side of the forearm. Internal rotation is measured by placing the smartphone on the
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Video 5. Internal and external rotators of the shoulders are important for all athletes, not just
overhead competitors. Soccer and other sports tend to view overhead lifting as not sport
speci c (except with goalkeepers), but the entire body must be optimized for peak
performance.
Weight-Bearing Wrist Extension Test
I’ve included this test here, as wrist extension can be a problem during front squats or the catch
position of the clean. Normal wrist extension is considered to be approximately 95 degrees. As
forearm alignment for this test is measured relative to vertical, a value of >5 degrees for this test
represents suf cient wrist extension ROM.
Starting position: The athlete stands in a staggered stance next to a box or table with a solid
surface that is approximately mid-thigh height. The athlete places the hand so the palm is  at on
the box with the  ngers facing forward of the athlete.
Movement: Keeping the palm  at on the box/table with the elbow extended, the athlete is
instructed to maximally move the shoulder over the hand, causing wrist extension.
00:55
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Wrist extension can be a problem during front squats of the
catch position of the clean. Normal wrist extension should be
approximately 95 degrees, says @LouisHowe_SandC.
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Measurement: Prior to testing, the smartphone should be calibrated relative to a vertical
reference point. The phone is placed beneath the olecranon process, along the ulnar on the
posterior surface of the forearm.
Video 6. The wrist joint is an important part of gripping and overhead actions. Testing the
wrist is a useful screen for all athletes, not just those who grip sport implements.
Reliability of Tests
To support the interpretation of the  ndings from any assessment, it is very important that
coaches appreciate the error associated with each test. Fortunately, many of the tests
introduced in this two-part series have been extensively studied. Table 1 below provides the
typical error values for each test along with the corresponding reference.
Not all of the data presented was collected using a smartphone to determine the clinometric
properties of the assessment, so I’ve included a column indicating the equipment used for each
study. As some of the data presented below has been collected using other equipment (i.e.,
inclinometer), coaches should interpret these values with caution. Furthermore, I’ve included my
own between-session reliability data for two tests where no information (to my knowledge, at
least) is available from the literature.
Due to some of these limitations, I recommend coaches use the table purely as a guide. In fact,
because this data was collected by researchers with a different skill set than your own, using a
population that likely differs from the athletes you work with, I suggest you establish your own
reliability data for each test using the statistical procedures outlined by Spence and Cushion.
00:38
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Table 1. Typical error values for associated tests to be used as a guide for coaches.
What to Do Next?
As you now know how to perform the tests and have some idea as to the reliability of each test,
you possess the skill set required to identify de cits. Additionally, you also have the capability to
determine what mobility exercises and dosages work when it comes to improving ROM. This will
likely be a pretty interesting experience for many coaches, and will no doubt help you re ne
your toolbox for truly developing an athlete’s mobility.
Since you’re here…
…we have a small favor to ask. More people are reading SimpliFaster than ever, and each week
we bring you compelling content from coaches, sport scientists, and physiotherapists who
are devoted to building better athletes. Please take a moment to share the articles on social
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media, engage the authors with questions and comments below, and link to articles when
appropriate if you have a blog or participate on forums of related topics. — SF
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